Abstract Contact kairomones from adult southern green stink bugs, Nezara viridula (L.) (Heteroptera: Pentatomidae) that elicit foraging behavior of the egg parasitoid Trissolcus basalis (Wollaston) were investigated in laboratory experiments. Chemical residues from tarsi and scutella of N. viridula induced foraging by gravid female T. basalis. Residues from body parts of female N. viridula elicited stronger responses than those from the corresponding body parts of males. Deproteinized tarsi still elicited searching responses from wasps, indicating that the kairomone was not proteinaceous. Hexane extracts of host cuticular lipids induced searching responses from T. basalis, with a strong preference for extracts from female hosts. Extracts consisted primarily of linear alkanes from nC 19 to nC 34 , with quantitative and qualitative differences between the sexes. Extracts of female N. viridula contained more nC 23 , nC 24 , and nC 25 than the corresponding extracts from males, whereas nC 19 was detected only in extracts from males. Direct-contact solid phase microextraction (DC-SPME) of N. viridula cuticle and of residues left by adult bugs walking on a glass plate confirmed gender-specific differences in nC 19 . Trissolcus basalis females responded weakly to a reconstructed blend of the straight-chain hydrocarbons, suggesting that minor components other than linear alkanes must be part of the kairomone. Addition of nC 19 to hexane extracts of female N. viridula significantly reduced the wasps' arrestment responses, similar to wasps' responses to hexane extracts of male hosts. Overall, our results suggest that a contact kairomone that elicits foraging by T. basalis females is present in the cuticular lipids of N. viridula, and that the presence or absence of nC 19 allows T. basalis females to distinguish between residues left by male or female hosts. The ecological significance of these results in the host location behavior of scelionid egg parasitoids is discussed.
Introduction
Insect parasitoids are known to use semiochemicals for location and recognition of hosts (Vinson 1998) , and several studies have been published on the use of host-produced kairomones by hymenopteran parasitoids (Vinson 1991 (Vinson , 1998 Godfray 1994; Quicke 1997; Vet 1999 ). The possibility of using semiochemicals to enhance the efficacy of parasitoids in biological control programs also has been investigated (Lewis and Martin 1990; Vet and Dicke 1992; Powell and Pickett 2003) . In the generally accepted paradigm, parasitoids use volatile cues from the host plant complex to locate the habitat of their hosts, and then hostderived stimuli are used for host location, recognition, and acceptance over shorter distances (Vinson 1991 (Vinson , 1998 Vet and Dicke 1992) . Host-derived stimuli can be directly emitted by the host stage, or they can be indirectly associated with the attacked host stages (Vinson 1991 (Vinson , 1998 Godfray 1994; Quicke 1997) . The switch from cues from the host plant complex to indirect host-derived cues is normally associated with an adjustment of female behavior from a directed movement (e.g., flying from one location to another in the habitat) to a motivated searching response within and around an area contaminated by potential hosts (i.e., reduced linear speed and increase in ortho-and klinokinetic movements ; Vinson 1984; .
Indirect host-related cues that elicit arrestment and motivated searching in an area where there is a high probability of finding hosts are often exploited for host location by hymenopteran egg parasitoids in the families Trichogrammatidae and Scelionidae. These egg parasitoids show motivated searching upon contact with indirect host-related cues such as lepidopteran scales (Laing 1937) or pentatomid bug footprints (Colazza et al. 1999b ). Motivated searching induced by scales shed by moths has been observed with several Trichogramma spp. and with Telenomus busseolae Gahan (Laing 1937; Beevers et al. 1981 ; Lewis et al. 1982; Gardner and van Lenteren 1986; Colazza and Rosi 2001) , whereas motivated searching induced by chemical residues left on the substrate by adult pentatomid bugs has been observed with several Trissolcus spp. and with Telenomus podisi (Ashmed) (Colazza et al. 1999b; Conti et al. 2003 Conti et al. , 2004 Borges et al. 2003; Salerno et al. 2006) . The motivated searching behavior of egg parasitoids to these types of cues is characterized by an initial prolonged motionless period with the antennae kept in contact with the surface (arrestment response). Then the wasps, while drumming the surface with their antennae, exhibit intense searching behavior of the surrounding area, characterized by variation in orthokinetic and klinotaxic locomotion, and increased turning frequency. In this way, wasps are kept in or around the contaminated area, with the response reinforced by systematic returns to the stimulus after losing contact with it. If no host eggs are found, searching behavior slowly decreases, and the normal walking pattern is gradually resumed (Laing 1937; Gardner and van Lenteren 1986; Colazza et al. 1999b; Conti et al. 2003 Conti et al. , 2004 Peri et al. 2006) .
Previous papers have demonstrated the importance of chemical residues left by host Nezara viridula (L.) (Heteroptera: Pentatomidae) adults in the host location behavior of females of the egg parasitoid Trissolcus basalis (Wollaston) (Hymenoptera: Scelionidae). Wasp females were found to have an innate response to host chemical residues, with a strong preference for residues left by N. viridula females rather than males (Colazza et al. 1999b; Peri et al. 2006) . Furthermore, experience gained during foraging on host chemical residues can strongly affect a wasp's motivated searching pattern . The role of host residues in relation to the host specificity of T. basalis also has been demonstrated (Salerno et al. 2006) .
In this research, the source and the nature of the chemical residues deposited by N. viridula adults that induce arrestment responses from T. basalis females were investigated. It was found that the hydrocarbons present in the wax layer of N. viridula cuticle act as contact kairomones, causing arrestment of female wasps. A homologous series of straightchain hydrocarbons was identified and quantified in solvent and solid-phase microextraction (SPME) extracts of host cuticle. Because the cuticular hydrocarbon profiles of N. viridula adults showed qualitative and quantitative sex-specific differences, the roles of specific hydrocarbons in the wasp's arrestment response were examined in behavioral bioassays. A reconstructed blend of straight-chain cuticular hydrocarbons induced arrestment responses by wasp females, and nonadecane (nC 19 ), a male-specific hydrocarbon, was used by T. basalis females to discriminate between chemical residues left by host females and host males.
Methods and Materials
Maintenance of Insect Colonies Nezara viridula and T. basalis colonies were established and reinvigorated regularly with insects collected from fields located around Palermo, Italy. Both colonies were reared in an environmentally controlled room at 25±1°C, 70±10 % R. H., and photoperiod of 16L:8D. The N. viridula colony was reared in wooden cages (25× 25×40 cm height) with two 5-cm diam mesh-covered holes for ventilation, and colonies were fed with seasonal fresh vegetables. The colony of T. basalis was reared in 16-ml glass tubes and fed with a 10% honey-water solution. Egg masses of N. viridula were collected daily and used to maintain both colonies. Single N. viridula egg masses were exposed to three-four female wasps and then held in the same environmental conditions until adult emergence. Every 2-3 d, newly emerged N. viridula adults were isolated in different rearing cages so that individuals of known age were continuously available for experiments.
Stimulus Preparation Procedure Mated N. viridula adults were used in all bioassays. Males were 4-to 8-d-old, whereas females were 2-4 d older to ensure that they were in the preovipositional physiological state; our previous work had shown that T. basalis responded strongly to residues associated with mated, gravid host females (Colazza et al. 1999b) . Dissected adult body parts, hexane extracts of insect cuticle, and reconstructed blends of synthetic hydrocarbons used for bioassays were prepared as follows:
(1) Tarsi and Scutella Dissected from Males and Females of N. viridula. Responses of T.
basalis females to tarsi and scutella dissected from N. viridula adults were tested in arena bioassays. The scutellum was selected as a control body part because it should not be contaminated by compounds from N. viridula legs during grooming behaviors. Nezara viridula adults were killed by freezing at −18°C for about 1 hr, and dissected under a binocular stereo microscope. Fine scissors were used to clip off the legs at the coxa level, and to cut the scutellum from the pronotum. Dissected legs and scutella were used a few minutes after dissections for bioassays. (2) Deproteinized N. viridula Tarsi. Legs used for the experiment were dissected from adults as described above. The left legs were treated with 1% trypsin-ethylenediaminetetraacetic acid (Trypsin-EDTA) (Sigma, St. Louis, MO, USA) buffered with Hank's balanced salt solution (HBSS; pH 7.4), whereas the right legs were treated with HBSS only and used as a control. Both sets of legs were incubated at 37°C for 80 min, then rinsed with distilled H 2 O, air-dried at room temperature, and used for bioassays. (3) Hexane Extracts of N. viridula Cuticular Lipids. Frozen adults were dissected into legs, wings, pronotum, and scutellum as described above. The inside of the pronotum cuticle was cleaned as thoroughly as possible to remove traces of adhering tissues. The mesonotum, metanotum, and abdomen were not used in experiments because of possible contamination by defensive chemicals from the glandular structures in these body sections, which can induce arrestment of T. basalis females (Mattiacci et al. 1993) . Dissected body parts from three males and three females were weighed, then placed in 15-ml glass vials and extracted with 10 ml hexane at 30°C for 2 hr. The amount of cuticle obtained (mean±SD) from dissected body parts of three adults was 24±1 mg for males, and 32±3 mg for females. After removal of the body parts, the resulting extracts were evaporated under a gentle nitrogen stream, and redissolved in 1 ml hexane. Extracts were prepared from five groups of three bugs each, and after each extract was checked by GC (see below), the extracts were pooled by gender, and stored at −18°C until assayed. (4) Reconstructed Blend of Host Female Straight-Chain Cuticular Hydrocarbons. A blend of straight-chain alkanes of N. viridula females was reconstructed, normalizing the concentrations of the alkanes found in the crude extract (see Table 1 ) to nonacosane, the most abundant compound. Two stock hydrocarbon blends were prepared as hexane solutions. (190) . The second stock solution contained (in mg/l) nC 21 (700), nC 34 (500), and nC 20 (200). The working solution of the total reconstructed blend then was obtained by combining 10 ml of the first stock solution and 1 ml of the second stock solution and diluting it to 100 ml. All hydrocarbons were analytical grade GC standards (Fluka). The reconstructed blends were stored at −18°C until assayed. (5) Hexane Extracts of N. viridula Female Blended with Synthetic Nonadecane (nC 19 ).
Dissected body parts from 12 N. viridula females (155 mg of cuticle) were cut up and divided in four portions, and each portion was extracted in 10 ml of hexane, evaporated under a stream of nitrogen, and redissolved in hexane to a total volume of 1 ml as described above. Then, three of the four extracts were spiked with synthetic nC 19 in hexane to provide final concentrations of 0.1, 1.0, and 10.0 μg nC 19 per ml in the spiked extracts. The four extracts were stored at −18°C until assayed.
Open Arena Bioassay Procedure Female T. basalis used for bioassays were held with males for 24 hr to ensure that they were mated, then females were individually isolated in small vials with a drop of honey-water and used in bioassays when 2 to 3 d old. Thus, all wasp females were naïve with respect to both oviposition experience and contact with chemical cues produced by their N. viridula hosts. Female wasps were allowed to acclimate in the bioassay room for at least 1 hr before bioassays. Bioassays with T. basalis females were conducted in open arenas consisting of rectangular filter paper sheets (20×20 cm). In the center of the arena, a 4-cm-diam circle (12.56 cm 2 , about 3% of the entire arena), defined by a still image of the arena taken with the video tracking and motion analysis software (see below) so that the arena remained free of any marks, was treated with test stimuli. The rest of the open arena was left uncontaminated. Each arena was used for testing five wasp females (previous studies had shown that test wasps were unaffected by any residues from previously tested wasps; Colazza et al. 1999b; Peri et al. 2006) . For each experiment, the following bioassay procedure was used.
(1) Tarsi and Scutella Dissected from Males and Females of N. viridula. Tarsi and scutella, dissected from four males and four females of N. viridula, were gently wiped on the test areas of the open arenas with fine forceps. Eighty wasps were tested individually. (2) Deproteinized N. viridula Legs. Legs from six N. viridula adults (three males and three females), deproteinized by treatment with trypsin-EDTA or treated with buffer only, were wiped on the treatment areas of the arenas. The experiment was repeated three times for a total of 60 tested wasps. (3) Hexane Extracts of N. viridula Cuticular Lipids. Hexane extracts of male and female N. viridula cuticular hydrocarbons were tested at doses of 3×10 −3 , 1, and 10 dissected adult equivalent (DAE) by pipetting 1, 333, and 3,333 μl of extracts onto the treatment area. Before using the 3×10 −3 DAE dosage, the aliquot of 1 μl of solution was diluted in 200 μl of hexane to allow even distribution over the entire treated area. The 10 DAE dosage was applied by repetitive pipetting of about 50 μl of solution, allowing the hexane to evaporate between repetitions. For each dosage and for both N. viridula genders, 15 T. basalis females were tested for a total of 180 wasps. For experiments 3, 4, and 5, stimuli were applied as drops, and therefore the chemicals on the treated areas were patchily distributed. Wasp females were gently released singly from a small vial (2 ml) onto the center of the treated area. Wasp behavior was scored as "response" when the female, immediately after being released, remained unmoving with the antennae held in contact with the arena surface (arrestment response). Females that did not show the arrestment response after touching the treated area with their antennae were recaptured with the same vial, and retested after ∼1 min. Wasps that did not show the arrestment response after three trials were scored as "non-response". After the initial arrestment response, responding females typically started to walk slowly with many turns while drumming the arena surface with their antennae, stopping again each time they came back to the treated area (motivated searching behavior). Wasps' movements were recorded with a video tracking and motion analysis system (see below) until they flew away from or walked off the arena. The time spent on the entire arena was scored as the arena residence time. This value was used, rather than only recording the time spent on the treated area, because we felt that the time spent by wasp females on the entire arena was more representative of the active searching behaviors stimulated by the kairomonal stimuli.
Wasps' walking patterns were recorded with a CCD camera (Sony M370) equipped with a zoom lens and mounted above the center of the arena. The video camera was connected to a video monitor (Sony PVM 2130QM) and a desktop PC equipped with a video frame grabber (Miro PC-TV-Pinnacle Systems, Mountain View, CA, USA). A composite video signal from the camera was fed into custom video tracking and motion analysis software developed for the Linux operating system (Colazza et al. 1999a) . A threshold value of 1 mm resolution was used during recordings to minimize creation of artifacts because of noise in the system. Different treatments among different stimuli were tested at the same time, and stimuli were tested on several different days. All experiments were carried out from 1000-1500 hours, in an isolated room at 26±1°C, with the arena illuminated by two 18-cm-long fluorescent lights (full spectrum 5,900 K, 11 W; Lival, Italy).
Analysis of N. viridula Cuticular Hydrocarbons
Hexane extracts of N. viridula cuticle and body parts were analyzed by gas chromatography (GC) with a Hewlett-Packard 6890 GC (Avondale, PA, USA) with a flame ionization detector (FID), and equipped with an HP5-MS column (30 m×0.2 mm, 0.25-μm film, J&W Scientific, Folsom, CA, USA). A 4-mm ID straight glass injector liner packed with glass wool was used, with the injector temperature at 250°C. Injections (1 μl) were made in splitless mode with helium as carrier gas (1.5 ml/min). The oven temperature program was 150°C for 2 min, then 5°C/min to 280°C, and hold for 20 min. The detector temperature was 300°C. A mixture of n-alkanes (nC 19 -nC 36 ) (all 99% purity; Fluka) in hexane served as external standards to identify and quantify each compound.
Solid-phase Microextraction of Cuticular Hydrocarbons and Residues Left by N. viridula
Adults Direct-contact solid-phase microextraction (DC-SPME) was used to collect N. viridula cuticular hydrocarbons and the chemical residues left by N. viridula walking on a glass plate (10×10 cm). A 100-μm film thickness polydimethylsiloxane SPME fiber was used (Supelco Inc., Bellefonte, PA, USA), conditioning it before use at 250°C for 30 min in a GC injector port. Nezara viridula cuticular hydrocarbons were extracted from freezekilled adults by gently wiping the SPME fiber over the head, pronotum, and legs for 60 sec. The same fiber was used to sample 10 individuals of the same gender before being desorbed in the GC inlet port. Residues left by N. viridula were sampled by wiping the SPME fiber over a glass plate upon which an adult bug had been confined for 1 hr. The same fiber was used to sample the residues left by three adults of the same gender before desorbing the fiber. Samples were analyzed by desorbing the loaded SPME fiber in the GC injector port (270°C) for 2 min, using a 0.75-mm ID glass injector liner in splitless mode, with the same column and temperature program as described above.
Precision and Detection Limits
The method linearity of solvent extractions was determined for each identified cuticular n-alkane at five concentrations ranging from 1 to 30 ng μl −1 , and for each calibration curve the regression coefficient (R 2 ) was determined. Linearity was considered achieved when R 2 was 0.995. The calibration curves were then used to quantify the amount of each n-alkane in the extracts. The limit of quantification (LOQ) was fixed using a solution of hydrocarbon standards at a concentration of 0.5 ng μl −1 per compound. The limit of detection (LOD) for each analysis was defined by measuring progressively more dilute concentrations of the identified hydrocarbons until a signal-to-noise ratio of 3:1 was reached. The relative standard deviation (RSD) for each compound was determined.
Statistical Analyses Data sets were first checked for assumptions of normality with a Shapiro-Wilks test at P=0.05. The numbers of responding female wasps were analyzed by χ 2 tests for independence in a two-way contingency table. Arena residence times were analyzed by one-way analysis of variance (ANOVA) followed by Tukey's HSD post hoc test for multiple comparisons between means. Contrast analyses between naïve and experienced female wasps from the third experiment were done using t tests. All statistical analyses were done using Statistica 6.0 for Windows (StatSoft Inc., Tulsa, OK, USA).
Results
Open Arena Bioassay. Tarsi and Scutellum Dissected from Males and Females of N. viridula Every female T. basalis tested (100% of 80 trials) showed arrestment responses when exposed to arenas treated by rubbing with tarsi or scutella dissected from N. viridula adults. The wasps' arena residence times were significantly affected by host gender, but not by the two different dissected body parts (F 3, 76 =8.55, P<0.001, one-way ANOVA) (Fig. 1) . Wasps stayed longer on the arenas treated with tarsi and scutella dissected from female hosts than on arenas treated with the analogous dissected body parts from male hosts Data represent means ± SD. * = P≤0.05; ns=not significant, -= not detected, + = detected.
( Fig. 1 ). There were no differences in T. basalis arena residence times when the arenas were treated with tarsi or scutella dissected from adults of the same gender (Fig. 1) .
Deproteinized N. viridula Tarsi Every female wasp (100% of 60 trials) responded to arenas rubbed with host legs deproteinized by treatment with trypsin, or with buffer-treated controls. Consistent with previous results, arena residence times of wasps were influenced by host gender (F 3, 56 =5.94, P=0.001, one-way ANOVA; Fig. 1 ), whereas no differences were observed between the two treatments.
Hexane Extracts of N. viridula Cuticular Lipids Wasps' responses to hexane extracts of N. viridula cuticular lipids were significantly affected by dose (expressed as dissected adult equivalent, DAE) applied to test arenas (Fig. 2) . Similar percentages of wasps responded to arenas treated with 3×10 −3 DAE or 1 DAE (χ 2 =1.7, P=0.19; χ 2 =3.75, P=0.052; for male and female extracts, respectively; Fig. 2 ). However, fewer wasps responded to arenas treated with 10 DAE compared to arenas treated with 1 DAE (χ 2 =10.8, P=0.001; χ 2 =5.96, P=0.01; for male and female extracts, respectively; Fig. 2 ). Wasps that responded to the cuticular extracts showed similar arena residence times (F 2, 58 =1.33, P= 0.27; ANOVA; F 2, 65 =0.4, P=0.70; for male and female extracts, respectively, one-way ANOVA). Similar to previous results, T. basalis females spent more time on arenas treated with hexane extracts of females than on arenas treated with extracts of males (F 1, 127 =16.32, P<0.001; ANOVA). Hexane Extract of N. viridula Females Spiked with nC 19 Wasps' arrestment behaviors toward hexane extracts of N. viridula females were influenced by the addition of synthetic nC 19 (F 3, 54 =4.68, P=0.005, one-way ANOVA; Fig. 3 ). Every T. basalis female (100% of 15 trials) responded to 1 DAE of the crude extract and to 1 DAE of the crude extract spiked with 0.033 and 0.33 μg nC 19 , and their arena residence times were not significantly different (Fig. 3) . However, when 1 DAE of the crude extracts was treated with 3.33 μg nC 19 , fewer wasps responded (87% over 15 trials), and they showed reduced arena residence times compared to wasps presented with the unspiked treatment (Fig. 3 ).
Reconstructed Blend of Straight-chain Cuticular Hydrocarbons
Chemical Analysis of N. viridula CHs Satisfactory validation data for the solvent extraction method in terms of both linearity (R 2 ranged between 0.995 and 0.998) and reproducibility (RSD% better than 20%) were achieved. The LOQs were fixed at 0.5 ng, and the LODs were established at 0.1 ng.
A homologous series of n-alkanes with chain lengths from 19 to 36 carbon atoms was identified and quantified in the solvent extracts of N. viridula (Table 1 ). The average amount of all cuticular hydrocarbons extracted from a single N. viridula female was about twice that recovered from equivalent weights of male N. viridula body parts (3,540±1,138 and 1,818±85 ng mg −1 cuticle from females (N=5) and males (N=5), respectively; t=−2.61; P=0.05, t test). The hydrocarbon profiles showed consistent sex-specific qualitative and quantitative differences. nC 19 was detected only in male extracts, where it accounted for Fig. 2 Percentage of T. basalis females that showed arrestment responses to hexane extracts of male and female N. viridula applied onto arenas at doses of 3×10 −3 , 1, and 10 dissected adult equivalents (DAE). Data were compared by χ 2 tests for independence. ns=not significant; *P≤0.05 3.4±1.1 % of the total hydrocarbons detected (Fig. 4, peak 1) . Extracts from females contained significantly more nC 23 , nC 24 , and nC 25 than extracts from males (Fig. 4 , peaks 5, 6 and 7; Table 1 ).
DAE

Solid-phase Microextraction of Cuticular Hydrocarbons from Insect Cuticle and from
Residues Left by N. viridula Adults Walking on Glass Sampling cuticular hydrocarbons from N. viridula adults with DC-SPME did not yield any linear hydrocarbons that were not present in the solvent extracts of N. viridula (Table 1) . Furthermore, only about half of the total number of compounds identified from solvent extracts were also detected in the DC-SPME extracts (e.g., nC 19, nC 24, nC 25 , nC 26 , nC 27 , nC 28 , nC 29 , nC 30 , and nC 31 ) ( Table 1 ; Fig. 5 ). When the chemical residues left by adult female and male N. viridula walking on a glass plate were sampled with DC-SPME, straight-chain alkanes from C 24 to C 31 were detected in footprints from both sexes, whereas only male footprints contained nC 19 (Fig. 5 , Table 1 ).
Discussion
Many insects deposit chemical residues on substrates, and these traces can provide intraspecific signals and/or interspecific cues that modify the behaviors of receiving organisms. For example, bumblebees leave residues on flowers that allow conspecifics to avoid recently visited flowers (Eltz 2006) . Chemical residues can also serve as kairomones Representative gas chromatograms of cuticular hydrocarbons extracted from adult female (top) and male (bottom) N. viridula with hexane. For peak identities, see Table 1 , and "Methods and Materials" for analysis conditions Abundance Fig. 5 Representative gas chromatograms of cuticular hydrocarbons extracted from adult female (top) and male (bottom) N. viridula with DC-SPME wiping the fiber over the head, pronotum, and legs. For peak identities, see Table 1 , and "Methods and Materials" for analysis conditions for natural enemies, as in the case of trails left by larvae of the pine looper moth, Bupalus pinarius L (Lepidoptera: Geometridae), which are exploited as cues by the larval parasitoid Poecilostictus cothurnatus (= Platylabus cothurnatus) Gravenhorst (Hymenoptera: Ichneumonidae) (Klomp 1981) . Chemical residues can also be indirectly associated with the host as is the case with chemical residues left on the substrate by adult pentatomid bugs (Colazza et al. 1999b; Borges et al. 2003; Conti et al. 2003) . Various origins for the chemical residues can be considered. For instance, the chemical footprints of lady beetles (Coleoptera: Coccinellidae) are secreted from the tenent hairs on the bottom of the tarsi, and the footprints consist of nonvolatile lipids identical to those in the cuticular waxes (Kosaki and Yamaoka 1996) . In nature, lady beetle footprints deter oviposition by conspecifics, and deter foraging by aphid parasitoids (Hemptinne et al. 2001; Nakashima et al. 2004) .
Our data showed that chemicals on the tarsi and scutella of N. viridula induced motivated searching responses by T. basalis. These results suggest that the kairomones mediating these responses are part of the wax layer of N. viridula, rather than being secreted by specialized glands such as those on N. viridula legs, which are the source of lipid adhesive fluid (Ghazi-Bayat and Hasenfuss 1980) , or the tarsal glands situated in the tarsomer (R. Romani and N. Isidoro, personal communication). Whether or not the amounts of secreted cuticular hydrocarbons are more abundant in the tarsi than in the other body parts of N. viridula cuticle remains to be determined.
The insect wax layer contains a complex mixture of compounds that include straightchain saturated and unsaturated hydrocarbons, and methyl-branched hydrocarbons (Gibbs 1998; Howard and Blomquist 2005) . Several studies have shown that straight-chain hydrocarbons and related long-chain carboxylic acids that are present in moth scales elicit arrestment responses from foraging Trichogramma wasps (Boo and Yang 2000) . For example, hexane extracts of adult Scripophaga incertulas Walker (Lepidoptera: Pyralidae) elicited searching responses from the egg parasitoid Trichogramma japonicum Ashmead (Rani et al. 2007) , and straight-chain hydrocarbons from scales of Plodia interpunctella (Hübner) (Lepidoptera: Pyralidae) induced searching by Trichogramma evanescens Westwood. In the latter species, n-tricosane (nC 23 ) was identified as the most active component of the kairomonal blend (Jones et al. 1973) .
It had been shown previously that the footprints of pentatomid bugs stimulated motivated searching by scelionid egg parasitoids (Colazza et al. 1999b; Conti et al. 2004 ), but the chemistry of the footprints had not been investigated. The results of the present study showed that these kairomonal cues are hexane-soluble, suggesting that the cuticular hydrocarbons might be involved. However, a reconstructed blend of straight-chain hydrocarbons extracted from female N. viridula induced only weak arrestment responses in T. basalis females. Thus, other components of the wax layer of N. viridula, such as branched hydrocarbons or more polar components of the wax layer, must be important in the elicitation of the full response. Analyses of N. viridula extracts have shown the presence of mono-and dimethyl-branched alkanes, and more polar lipids, and their possible roles in the wasps' responses are under investigation.
A dose-response effect of hexane extracts from the scales of Choristoneura fumiferana (Clemens) (Lepidoptera: Tortricidae) has been observed with T. evanescens females (Schmidt and Carter 1992) . The responses of female T. basalis were also clearly influenced by different doses of hexane extracts of adults. Trissolcus basalis females responded to approximately 7.3 ng/cm 2 of hydrocarbons, which represents the amount of hydrocarbons (114 ng) applied on the 12.56-cm 2 treated area of the bioassay arenas at the dosage of 3×10 -3 DAE of N. viridula females. It would clearly be an advantage for parasitoid females to perceive low levels of kairomones. Conversely, the adaptive significance of the decreased responses of T. basalis females when presented with the much larger dose of hydrocarbons (e.g., ∼30,000 ng/cm 2 , applied to the 12.56-cm 2 treatment area, corresponding to the 10-DAE dose), remains unclear.
Indirect host-related cues emitted by both genders of the host can have different spatialtime links with the egg stage. This is particularly important when oviposition occurs far from the adult feeding or mating sites, as is the case with female N. viridula, which generally oviposit at sites removed from adult feeding sites (Todd 1989; Colazza et al. 1999b ). Under such circumstances, cues associated with host males would be of minimal use to egg parasitoids, because these cues would not help the parasitoids to locate eggs. Instead, egg parasitoid females should optimize their sensitivity to cues produced by host females. The available data support such a scenario, because females of two Trissolcus species discriminate between chemical residues left by females or males of their pentatomid hosts (Colazza et al. 1999b; Conti et al. 2004) . Similarly, Telenomus isis (Polaszek) females are able to discriminate between scales from female or male Sesamia calamistis (Hampson) (Lepidoptera: Noctuidae), showing a strong preference for the former (Chabi-Olaye et al. 2001) . However, until now, the nature of the semiochemicals that allow egg parasitoids to distinguish between chemical residues left on substrates by male and female hosts had not been elucidated. The chemical and behavioral evidence provided in this paper suggests that T. basalis uses n-nonadecane, a sex-specific component of the cuticular hydrocarbons of male N. viridula, to discriminate between residues left by males or females. Whereas hexane extracts of the cuticular lipids of adult N. viridula showed qualitative and quantitative differences in the composition of the straight-chain hydrocarbon fraction, only nC 19 , the male-specific hydrocarbon, was recovered from extracts of males and from DC-SPME of bug footprints. Furthermore, when nC 19 was added to the crude extracts of N. viridula females, T. basalis females showed significantly reduced arena residence times, similar to what occurs when female wasps are presented with hexane extracts of host males.
In summary, we report that hydrocarbons from the host cuticle mediate the responses of an egg parasitoid, and we provide the first identification of a kairomone that acts as a host gender recognition cue. Linear alkanes are common in nature, and they are present in the epicuticular waxes of foliage and other plant tissues, where they play an important role in plant physiology, and in the interaction of plants with other organisms (Müller and Riederer 2005) . For example, compounds from a phytophagous insect that are adsorbed on the plant surface are used as host-finding kairomones for insect parasitoids (Müller and Riederer 2005) , and leaf epicuticular waxes influence the ability of parasitoids to forage, locate, and attack their hosts (McAuslane et al. 2000; Grant and Barbosa 2006) . What remains unknown is the mechanism by which an egg parasitoid can distinguish hydrocarbon residues from its host insects amid the waxy background of the plant cuticle. A better understanding of the key compounds involved in the host location process of insect parasitoids could not only provide fundamental ecological knowledge, but also may allow us to improve insect parasitoid efficiency by manipulation of their behavior with reconstructed blends of the relevant kairomones with synthetic compounds.
